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Abstract. This study was conducted to obtain infor- 
mation about a possible influence of salt transport by the 
thick ascending limb of Henle (TALH) and the macula 
densa on the expression of renin in the kidney. To this 
end, adult male rats were subcutaneously infused with 
furosemide (12 mg/24 h), an established inhibitor of 
TALH and macula densa salt transport, or with vehicle 
for 6 days. The animals had free access to chow, water 
and salt water (0.8% NaC1, 0.1% KC1) to maintain salt 
and water balance. Chronic furosemide treatment led to 
a 20-fold increase in urine flow rates and 50% increase 
in kidney weights, while urine osmolality decreased by 
60% and body weight gain decreased by 40% in the 
furosemide-treated animals. Plasma renin activities in- 
creased from 2.9 _- 0.5 ng angiotensin I h -1 m1-1 in con- 
trols to 10.6 __ 2.2 ng angiotensin I h -1 ml -~ in furosem- 
ide-treated rats. In parallel, kidney areas immunoreactive 
for renin increased by 80 % and the renal content of renin 
mRNA increased by 120% in the animals receiving furo- 
semide. Under the assumption that the effects seen on 
renal renin expression were primarily due to the inhi- 
bition of TALH and macula densa function by furosem- 
ide, our findings suggest hat salt transport across the 
TALH and macnla densa exerts a negative control func- 
tion not only on the secretion but also on the expression 
of renin in the kidney. 
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Introduction 
The late thick ascending limb of Henle (TALH) includ- 
ing the macula densa is considered to play an important 
role in the regulation of renin secretion, an effect hat is 
thought o be mediated by the NaC1 transport of these 
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structures [8, 24, 28]. Thus it has been demonstrated that 
renin secretion from a single juxtaglomerular pparatus 
is inversely related to the concentration of sodium chlor- 
ide in the tubular fluid facing the macula densa [17, 26]. 
Moreover, it is well established that acute application of 
loop diuretics that also inhibit salt transport by the ma- 
cnla densa cells [24] enhance renin secretion both in 
vivo (for review [15]) and in vitro at the level of the 
juxtaglomerular apparatus [17], suggesting that salt 
transport by the thick ascending limb and macula densa 
somehow inhibits the exocytosis of renin from neigh- 
bouring juxtaglomerular cells. 
There is already evidence for a concordant regulation 
of renin secretion and the expression of renin by certain 
factors such as the intrarenal blood pressure [20, 23] or 
hormones like adrenaline [7] or angiotensin II [12, 25]. 
However, cell culture studies with juxtaglomerular cells 
have also revealed that there is no general coupling be- 
tween the secretion and the synthesis of renin [16]. In 
view of these findings the question arises whether the 
macula densa has, apart from its well-established influ- 
ence on renin secretion, a regulatory role for the ex- 
pression of renin in the kidneys. This question is as yet 
unanswered. A study with hydronephrotic kidneys de- 
void of tubules and macula densa structures has shown 
that the content of renin mRNA drops to about 25 % of 
that of the respective control kidneys [1]. However, it is 
difficult to evaluate from these experiments whether the 
change of renin mRNA was due to the lack of macula 
densa structures or to other structural and functional 
changes in the hydronephrotic kidneys. 
A different approach to inhibiting macnla densa 
function is the inhibition of salt transport by loop di- 
uretics such as furosemide [24]. In fact, bolus injections 
of furosemide in combination with a low-salt diet have 
been used to induce severe salt depletion and extracellu- 
lar volume contraction. Under these experimental con- 
ditions renal mRNA levels were found to increase 2- to 
12-fold [1, 10, 18]. Again it is difficult to evaluate a 
possible role of the macula densa in the regulation of 
renin expression from these experiments for two rea- 
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sons. First, the bolus injections of  furosemide were usu- 
al ly stopped several  days before sacrif ice of  the animals. 
Secondly, extracel lular vo lume contract ion induced by 
furosemide treatment is l ikely also to inf luence the ex- 
pression of  renin via the baroreceptor  mechanism or via 
activation of  sympathet ic  nerves. This rather complex 
situation is even further compl icated by the results o f  a 
recent study invest igat ing the t ime course of  the effect 
of  furosemide on p lasma renin activity and renal renin 
mRNA levels. There it was found that a bolus of  furose- 
mide led to a rise of  renin mRNA levels after 2 -4  h in 
rats that were pretreated with deoxycort icosterone and 
kept on high-salt  diet [4]. In rats fed a normal-sal t  diet, 
however,  no effect of  furosemide on renal renin mRNA 
levels was found within 16 h, whi le p lasma renin ac- 
t ivity had signf icantly increased [4]. 
To assess the inf luence of  salt transport by the thick 
ascending l imb and macula  densa on renin gene ex- 
pression it appeared reasonable to us to study the effect 
of  furosemide in animals with unchanged salt balance. 
It has been shown recent ly that this situation can be es- 
tabl ished with rats that are chronical ly  infused with furo- 
semide and that have free access to salt and water [13]. 
Ut i l iz ing this animal  model  we found a 80% increase 
in renin-posit ive areas in the k idneys and a 120% in- 
crease of  the renal renin mRNA content upon infusion 
with furosemide.  These f indings are compat ib le  with the 
idea that salt transport by  the TALH including the ma- 
cula densa exerts a tonic inhibitory inf luence on renin 
expression in the kidneys.  
For ilmnunohistochemistry at least five pieces of each kidney, 
comprising the cortex and the outer medulla, were shock-frozen i
liquid propane. From each piece five to seven serial sections of 
5 gm thickness were cut in a cryostat. The serial sections of each 
tissue block were placed on one slide and were stained for renin 
using a polyclonal rabbit antiserum against rat renin, diluted 
1 : 10 000. Binding sites of the primary antibodies were visualized 
using a secondary biotinylated goat anti-(rabbit Ig) serum (SPA, 
Milano, Italy) and Streptavidin-Texasred (Amersham Int.), both 
diluted 1 : 100 in phosphate-buffered saline. One section per slide 
was used for quantification. Thus per animal a total of five or six 
sections, each from a different tissue block, were evaluated. 
The slides were coded and analysed in a microscope (Polyvar, 
Reichert-Jung, Austria) and the renin-positive areas were quan- 
tiffed. For that purpose the sections were studied by epiflnores- 
cence, at a magnification of 250• and 400• in the microscope. 
The microscopic image was superimposed by a square grid [29] 
via a drawing tube. The grid consisted of perpendicular lines with 
a spacing of 1 mm. The distance of the lines seen in the micro- 
scope corresponded to a distance of 5 gm in the tissue, the area 
covered by the grid on the tissue corresponded to 0.25 mm z. The 
total surface area of measurement per kidney was 20.6 + 3.5 mm 2 
(mean -- SD), determined by the number of grid intersections fall- 
ing onto the evaluated tissue area. Within this area all glomeruli 
with a vascular pole, defined by showing the contact of at least 
one glomerular arteriole with the glomerular hihis, were counted 
and the number of renin-positive and negative vascular poles was 
recorded. The total number of vascular poles encountered in each 
area evaluated was 111 -+ 15 (mean + SD). The number of inter- 
sections of the grid falling on all renin-immunoreactive ar as (in- 
cluding all renin-positive areas in arterioles, distant from the vas- 
cular pole) and the surface density of renin-positive areas were 
calculated [29]. The sum of the renin-positive areas measured per 
kidney, divided by the respective number of vascular poles, includ- 
ing those without visible immunoreactivity, was called the renin- 
index. 
Materials and methods 
Animals. Twenty male Wistar rats (Ivanovas, Kisslegg, Germany) 
weighing 140-160 g were kept in metabolic cages. They were fed 
standard chow and two bottles of drinking solution were equally 
available, one containing tap water, the other a salt solution of 8 g/ 
1 NaC1 and 1 g/1 KC1. Body weight, drinking input, urinary output 
and urine osmolality were measured every day. For the first 4 days 
of the experiment all animals were kept under the same conditions. 
On the 5th day osmotic pumps (2 ML1 ; Alzet, Paolo Alto, USA) 
were implanted subcutaneously under the skin of the neck. In ten 
control animals the pumps were filled with 9 g/1 NaC1; in ten f:tr- 
osemide-treated animals the pumps contained 2ml Dimazon 
(Hoechst AG, Frankfurt, Germany) equivalent to 50 mg/ml furose- 
mide. The delivery rate of the pumps was 10 gl/h, thus the daily 
dosage of furosemide was 12 mg/animal. The capacity of the 
pumps had been designed for 7 days. To guarantee a constant drug 
effect during the experiment, the pumps were primed in vitro for 
at least 4 h before implantation and the experiment was ended on 
the 6th day after implantation. 
Processing of the kidneys. Five animals of each group were pro- 
cessed for determination of plasma renin activity and assay of 
renal renin mRNA. To this end animals were sacrificed by cervical 
dislocation, blood was collected from the abdominal aorta for de- 
termination of plasma renin activity and both kidneys were rapidly 
removed, weighed, cut in half and frozen in liquid nitrogen for 
extraction of total RNA. The five other rats of each group were 
used for immunohistochemistry and morphological examination. 
For this, the animals were anaesthetized by sodium thiopentobarbi- 
tal (Trapanal; Byk Gulden, FRG), 100 mg/kg intraperitoneally, and 
the kidneys were fixed by vascular perfusion via the abdominal 
aorta with a buffered solution containing 25 g/1 paraformaldehyde 
and 1 g/1 ghitaraldehyde, as described previously [6]. 
Determination of preprorenin mRNA 
Total RNA was extracted from the right kidneys, which were 
stored at -70~ according to the protocol of Chirgwin [5], by 
homogenization in 18 ml guanidine thiocyanate (4tool/l) contain- 
ing 0.5% N-dodecyl sarcosinate, 10 mmol/1 EDTA, 25 rnmol/1 so- 
dium citrate and 700 mmol/1 2-mercaptoethanol with a Polytron 
homogenizer and by subsequent purification on a caesium chloride 
gradient. To this end the homogenate was layered onto a cushion 
of 5.7 tool/1 CsC1 and 100 mmol/1 EDTA and centrifuged for 20 h 
at 33 000 rpm. After centrifugation RNA pellets were resuspended 
in 300 pal 10 mM TRIS pH 7.5, 1 mmol/l EDTA containing 1g/1 
sodium dodecyl sulphate (SDS), precipitated with 3 tool/1 sodium 
acetate (0.1 vol) and ethanol (3 vol) and stored at -70~ prior 
to analysis. Renin mRNA was measured by RNase protection as 
described for erythropoietin [22]. A preprorenin cRNA probe con- 
taining 296 base pairs of exons I and II, generated from a pSP64 
vector carrying aPstI-KpnI restriction fragment of a rat preprore- 
nin cDNA [3] was generated by transcription with SP6 RNA poly- 
merase (Amersham Int., Amersham, UK). Transcripts were con- 
tinuously labelled with [a-3zP]GTP (410 Ci/mmol; Amersham In- 
ternational) and purified on a Sephadex G50 spun column. For 
hybridization total kidney RNA was dissolved in a buffer contain- 
ing 80% formamide, 40mmolll 1,4-piperazinediethanesulphonic 
acid (PIPES), 400 mmol/1 NaC1, 1 retool/1 EDTA pH 8. A 20-gg 
sample of RNA was hybridized in a total volume of 50 pl at 60~ 
for 12 h with 5• cpm radiolabelled renin probe. Digestion with 
RNase A and T1 was carried out at 20~ for 30 rain and termin- 
ated by incubation with proteinase K (0.1 mg/ml) and SDS (4 g/l) 
at 37~ for 30 min. Protected renin mRNA fragments were puri- 
fied by phenol/chloroform extraction, ethanol precipitation and 
subsequent electrophoresis on a denaturing t 00 g/1 polyacrylamide 
gel. After autoradiography of the dried gel at -70~ for 1 -2  
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Fig. 1. RNase protection assays for rat renin mRNA using different 
amounts of total RNA from the standard pool of kidney RNA. 
After autoradiography the bands were excised and the 321) radioac- 
tivity was determined by/?-scintillation counting 
days, bands representing protected renin mRNA fragments were 
excised from the gel and radioactivity was counted with a liquid 
scintillation counter (1500 Tri-CarbTm, Packard Instrument Com- 
pany, Downers Grove, Ill., USA). The amount of radioactivity ob- 
tained from each sample of total kidney RNA was expressed rela- 
tive to an external renin mRNA standard included in each hy- 
bridization consisting of 20 ~tg pooled RNA extracted from the 12 
kidneys of six normal Sprague Dawley rats. Figure 1 shows the 
results of an RNAase protection assay for renin mRNA using dif- 
ferent amounts of the pooled RNA as standard. 
Determination of actin mRNA. The abundance of rat cytoplasmatic 
fl-actin mRNA in total RNA isolated from the kidneys was deter- 
mined by RNase protection assay exactly as described for prepro- 
renin. An actin cRNA probe containing the 76-nucleotide first 
exon and around 200 base pairs of surrounding sequence was gen- 
erated by transcription with SP6 polymerase from a pAM19 vector 
carrying a AvaI/HindIII restriction fragment of actin cDNA [22]. 
For one assay 2.5 gg RNA was hybridized under the conditions 
described for the determination of renin mRNA. 
Plasma renin activity (PRA) was determined utilizing a com- 
mercially available radioimmunoassay kitfor angiotensin I (Sorin 
Biomedica, Dtisseldoff, Germany). 
Urine osmolality was measured with an osmometer (Roebling, 
Switzerland). 
Statistics. Student's unpaired t-test was used for interindividual 
comparisons. P < 0.05 was considered significant. 
Resu l ts  
The chronic subcutaneous infusion of furosemide was 
still effective after 6 days of treatment as indicated by 
the high urine flow rates, which increased from 4.6 ml/ 
day in controls to 90.2 ml/day in furosemide-treated ani- 
mals (Fig. 2 C), while urine osmolality decreased from 
1355 mosmol/kg in controls to 485 mosmol/kg in furo- 
semide-infused rats (Fig. 2 D). Even under furosemide 
the animals increased their body weights during the 6 
days of treatment, he body weight gain being 60% of 
that found in control animals (Fig. 2 A). In contrast o 
the slow-down of growth, the kidney mass strikingly in- 
creased during furosemide treatment (Fig. 2 B). While 
vehicle-infused animals had body weights and total kid- 
ney masses (of 2 kidneys) of 176_+ 4g  and 1.43 
_+ 0.14 g respectively, at the end of the 6 days of in- 
fusion, total kidney mass values of 2.16 _+ 0.08 g were 
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Fig. 2. Body weight gains (A), kidney weights (B), urine flow rates 
(C), urine osmolality (D), total renal RNA (E) and plasma renin 
activity (F) in vehicle- (open bars) and furosemide-treated 
(hatched bars) rats after 6 days of subcutaneous infusion. Data are 
means - SEM of ten (A, C, D) or five (B, E, F) animals each. -k, 
P < 0.05 compared to vehicle. AI, angiotensin I 
reached at somewhat reduced body weights of 168 _+ 6 g 
in furosemide-treated rats. This increase in kidney mass 
was paralleled by a similar increase of the yield of total 
RNA extractable from the kidneys (Fig. i E). Histologi- 
cal examination revealed that the increase of renal mass 
was primarily due to hypertrophy of the distal nephron 
including distal tubules, connecting tubules and col- 
lecting ducts (Fig. 3 B). 
As an estimate of the influence of furosemide treat- 
ment on renin secretion from the kidneys, plasma renin 
activities were determined. As shown in Fig. 2 F plasma 
renin activities were increased approximately threefold 
in furosemide-infused when compared with vehicle- 
treated rats. To assess the effect of furosemide treatment 
on the expression of renin in the kidney two complemen- 
tary methods were utilized, namely quantitative morpho- 
metry of renal areas immunoreactive for renin and se- 
miquantification of renin mRNA by sensitive RNase 
protection. As shown in Fig. 4 there was an obvious in- 
crease of both intensity and extent of renin immtmoreac- 
tivity in kidney section from furosemide-treated rats. 
Quantitative analyses revealed an 80% increase in the 
renin-positive areas in afferent arterioles at the vascular 
poles (Fig. 5). There was, moreover, also an increase of 
renin-positive areas in blood vessels not in contact with 
glomeruli. These areas increased from 141 __ 20 pm2/ 
mm 2 in vehicle-treated rats to 247 __ 38 i.tma/mm 2 in fu- 
rosemide-treated animals (Fig. 5). 
RNase protection assays for renin mRNA on total 
RNA isolated from the right kidneys of all animals were 
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Fig. 3. Representative light photo- 
micrographs ofkidney sections from a 
rat infused with vehicle (A) and furo- 
semide (B). G, glomerulus; D, distal 
tubule, P, proximal tubule; a, afferent 
arteriole 
Fig. 4 A, B. Representative epifluores- 
cence photomicrographs of rat kidney 
sections treated with ra  renin anti- 
serum. A Vehicle-treated rats; B furos- 
emide-treated rats. G, glomerulus; D, 
distal tubule; P, proximal tubule; a, 
afferent arteriole 
performed using a 296-base-pair antisense RNA probe 
of rat preprorenin mRNA. Figure 6 shows an autoradio- 
graph of such an RNase protection assay for control and 
furosemide-treated rats. For comparison and quantifi- 
cation a 20-t~g aliquot from a pool of total RNA isolated 
from 12 kidneys of six normal adult male rats was co- 
analysed on the gel as an external standard. It is evident 
from Fig. 6 that renin mRNA increased in the kidneys 
from furosemide-treated rats. For further quantification, 
protected fragments were excised from the dried gels 
and measured by fi counting. After background subtrac- 
tion the radioactivity of each band was related to that of 
the external standard RNA and expressed as a percent- 
age of the standard. Average renin mRNA levels that 
were quantified in this way in the right kidneys of con- 
trol and furosemide-infused rats are illustrated in Fig. 7. 
There we found an 80% increase of the abundance of 
renin mRNA in the kidneys of furosemide-infused when 
compared with vehicle-treated rats. Taking into account 
that the yield of total RNA from kidneys of furosemide- 
treated rats was significantly increased (Fig. 2 E), it was 
calculated that the total renal amount of renin mRNA 
was increased by 120% in response to furosemide treat- 
ment (Fig. 7). 
For comparison the abundance of rat cytoplasmic fi- 
actin mRNA also was analysed in the RNA samples iso- 
lated from the kidneys of furosemide- and vehicle- 
treated rats. As shown in Fig. 8 there was no difference 
of the abundance of actin mRNA between the kidneys 
of the two experimental groups. 
Discussion 
While the regulatory role of salt transport by the macula 
densa on the control of renin secretion from neighbour- 
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Fig. 5. Right: renin-immtmoreactive areas per vascular pole (i. e. 
renin index) in rat kidney sections from vehicle- (open bars) and 
furosemide-infused (hatched bars) ats. Data are means • SEM of 
five animals each. ~r, P < 0.05 versus vehicle. Left: renin-immu- 
noreactive areas not related to vascular poles given as a ratio f 
the total area examined (gm 2 per mm 2) for vehicle- and furose- 
mide-treated rats. Data are means • SEM of five rats each. ~r, 
P < 0.05 versus vehicle 
Fig. 6. Autoradiograph of an RNase protection assay forrat renin 
mRNA using total RNA extracted from the fight kidneys of five 
furosemide- and five vehicle-infused rats; 20 lag total RNA was 
analysed in each sample. The standard (St.) was prepared as de- 
scribed in Materials and methods 
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Fig. 7. Right: abundance of renin mRNA in right kidneys from 
vehicle- (open bars) and furosemide-iufused (hatched bars) rats, 
expressed as a percentage of the standard RNA. Data are 
means • SEM of five rats each. ~, P < 0.05 versus vehicle. Left: 
total renin mRNA in the fight kidneys of vehicle- and furosemide- 
infused rats calculated from the abundance of renin mRNA and 
the yield of total RNA extractable from the kidneys. Values were 
calculated as (cpm sample/cpm standard)• of total RNA (in 
lag) from the respective kidney and are given in arbitrary units. 
Data are means • SEM of five rats each. ~, P < 0.05 versus ve- 
hicle 
ing juxtaglomerular cells has been firmly established [8], 
the influence of the macula densa on the expression of 
renin is still unknown. As an experimental pproach to 
elucidate a possible role of the macula densa in the con- 
trol of renin expression we chose a chronic infusion of 
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Fig. 8. Autoradiograph of RNase protection assays forrat fl-actin 
mRNA using total RNA from the right kidneys of five furosemide- 
and five vehicle-infused rats. 2.5 lag total RNA was analysed in 
each sample. The standard (St.) was prepared as described in 
Materials and methods 
furosemide into conscious rats. Furosemide, like other 
loop diuretics, has been found to block salt transport by 
the thick ascending limb of Henle (TALH) and by the 
macula densa cells [24] and, in consequence, to interrupt 
the macula densa signalling to juxtaglomerular cells and 
also to contractile vascular smooth muscle cells in the 
afferent arterioles [2]. 
A major side-effect of furosemide with relevance for 
the renin system is the induction of severe salt depletion 
and extracellular volume contraction if the salt and water 
losses are not compensated. To avoid extracellular vol- 
ume contraction in our experiments we have, therefore, 
allowed the animals to have free access to water and 
salt, a regimen that leads to a positive sodium balance 
during chronic furosemide infusion [13]. As a conse- 
quence, the animals grew during furosemide treatment 
in spite of their enormous daily urine output, which am- 
ounted to more than 50% of the body mass of the ani- 
mals. Probably as a functional compensation to increase 
the renal capacity for salt and water reabsorption, the 
distal nephrons markedly hypertrophied in furosemide- 
treated animals, a phenomenon that has already been de- 
scribed in detail [14]. 
Chronic furosemide infusion led to an enhancement 
of renin secretion as indicated by the elevated values 
of plasma renin activity (Fig. 2 F). Stimulation of renin 
secretion by furosemide has previously been described 
in experiments in vivo [15] and in vitro [17]. This effect 
has been attributed to the disinhibition of renin secretion 
induced by a block of the TALH and macula densa salt 
transport [2, 8, 17]. 
The enhancement of renin secretion observed in our 
study was associated with an increase of the amount of 
immunoreactive r nin in the kidneys (Fig. 5), suggesting 
an increase of renin synthesis during furosemide treat- 
ment. The finding of increased renin mRNA levels in 
these kidneys (Fig. 7) supports this conclusion and, 
moreover, suggests that the influence of furosemide 
treatment on renin synthesis primarily acts at the level 
of the renin mRNA rather than on the translational effi- 
cacy. Our morphological examinations, furthermore, 
suggest hat furosemide infusion also led to an increase 
of the number of renin-positive cells. In furosemide- 
treated animals, renin-positive cells were found to ex- 
tend more proximally along the afferent arteriole than 
in controls. Thus, the increase of renin mRNA during 
furosemide treatment may reflect both stimulation of the 
rate of renin synthesis in individual cells and a recruit- 
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ment of cells not involved in renin synthesis under con- 
trol conditions. 
One must consider whether the effect of furosemide 
on the renin system was due to the inhibition of the 
TALH and macula densa salt transport or was more re- 
lated to a secondary effect such as the strong diuresis, 
changes in sodium balance or changes of blood pressure. 
Although we cannot definitively rule out these possibil- 
ities from our experiments, they appear less likely in 
view of the salt and water substitution, which has been 
found to prevent extracellular volume contraction and 
falls of the blood pressure [13, 27], which is also in 
accordance with our recent observations in furosemide- 
treated rats with intact adrenal glands (Schricker and 
Kurtz, unpublished observation). 
Also conceivable would be a linkage of the renin 
expression to the compensatory growth of the kidneys 
(Fig. 2 B). Recent investigations, however, have revealed 
that compensatory enal growth is associated with a de- 
crease of renin expression [21] and not with an increase 
as observed in this study. 
One could furthermore imagine that the enhance- 
ment of renin expression may be secondary to the stimu- 
lation of renin secretion. An increased plasma renin ac- 
tivity and in consequence an increase of levels of circu- 
latirlg angiotensin II, however, would be expected to 
suppress rather than to enhance renin expression in the 
kidney [12, 25]. An increase of renin expression as a 
direct consequence of stimulated renin secretion on a 
cellular level also appears less likely, because there is 
no obligatory linkage between renin secretion and renin 
synthesis in renal juxtaglomerular cells [16]. 
Taken together, it appears more likely that the stimu- 
latory effects of furosemide on renin secretion and renin 
expression were related to the inhibition of tubular salt 
transport. This assumption raises the question of the me- 
diation of these effects. Although several vasoconstrictor 
mediators uch as adenosine, angiotensin I I  or throm- 
boxane have been considered as candidates for the so- 
called macula densa mechanism, the signal transduction 
process still awaits identification [2]. Also prostaglan- 
dins, in particular PGE2, have been considered in this 
context, because it has been observed that inhibition of 
TALH and macula densa salt transport is associated with 
an enhanced renal medullary release of PGE2 (for review 
[9, 15]). Since this prostaglandin is stimulatory for renin 
secretion [8], it is conceivable, although not yet demon- 
strated, that PGE2 could also stimulate renin gene ex- 
pression. Considering also more recent findings, how- 
ever, on the effects of furosemide on the macula densa 
[11, 17, 19], it appears more likely that renal medullary 
PGE2 are not essentially required for the effect of furose- 
mide on macula densa signalling. 
Irrespective of the molecular link between salt trans- 
port and renin expression, our findings may suggest hat 
inhibition of salt transport by the thick ascending limb 
of Henle, including the macula densa, stimulates not 
only the secretion but also the expression of renin in the 
kidney. Under this assumption we would postulate that 
the as yet unidentified macula densa signal not only reg- 
ulates exocytosis of renin granules but probably also the 
expression of the renin gene. 
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